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Objective: To investigate color and microvascular blood flow of the tongue in the mini-swine with immune hepatic 
injury.  
Methods: Six Chinese mini-swine for experimental use, 3 males and 3 females, were randomly divided into two 
groups, normal group and model group, 3 swine in each group. The swine in the model group was administrated by 
injection of 5 mg/kg ConA into the vein of auricular back, once every other day, 3 times each week, for 2 weeks in 
total. The animal in the control group was administrated with equal volume of saline. At 9 o’clock in the morning of 
the 15th day of the experiment, each swine was anesthetized with intramuscular injection of 9 ml 2.5% 
pentobarbital sodium and 3 ml Maleate, and then picture of the tongue was taken, microvascular blood flow on the 
tongue and the liver was detected with a laser Doppler blood flowmeter; Blood was taken from the precaval vein. 
Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST),total bilirubin (Tbil) and total protein (TP) 
were determined; Pathological changes of the liver and tongue tissues were investigated by means of HE staining; 
Serum TNF-α content was detected with ELISA assay.  
Results: In the mini-swine with immune hepatic injury induced by ConA, the tongue color showed cyanotic color, 
microvascular perfusion in the liver and the tongue, and partial pressure of oxygen in the tongue tissue significantly 
decreased; and the microcirculatory perfusion of the tongue was significantly correlated with that of the liver and 
the HIS color spatial value of the tongue; Serum TNF-α content significantly increased.  
Conclusion: The mini-swine with immune hepatic injury induced by ConA conforms to pathological characteristics 
of immune hepatic injury. Formation of the cyanotic tongue is related with microcirculatory disturbance of the 
tongue, which can indirectly reflect hepatic microcirculatory state in the immune hepatic injury. 
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Inspection of the tongue is one of the traditional and 
characteristic diagnostic methods in traditional Chinese 
medicine (TCM), and it is also a main basis for treatment 
of diseases according to syndrome differentiation in 
TCM. Chronic hepatitis B is an important infectious 
disease in China, which severely harms health and life 
quality of Chinese people. Clinical research indicates 
that cyanotic tongue is a main tongue color of chronic 
hepatitis B.1 Study on formation mechanism of the 
tongue color is of an important significance for 
determining the state of illness and prognosis. Immune 
hepatic injury has basic pathological characteristics of 
chronic hepatitis B, and characteristics of the tongue 
conditions in the swine are very similar to those of 
human beings.2,3 Therefore, in the study, immune hepatic 
injury mini-swine model was set up, changes of tongue 
color were observed and blood flow state of the tongue 
was detected, so as to probe into the formation 
mechanism of cyanotic tongue in chronic hepatitis B.1  
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MATERIALS AND METHODS 
Experimental Animals and Grouping 
Six Chinese mini-swine for experimental use, 3 males 
and 3 females, weighing 10.50±0.50 kg, aged 2 months, 
were randomly divided into a normal group and a model 
group, 3 swine in each group. 
Reagents 
Kits for ELISA of swine’s TNF-α were produced by 
Sizhengbo Bio-tech Co. Ltd, Lot No.20100401; ConA 
was produced by Sigma Company, Lot No.097K7670; 
Pentobarbital sodium was made by Beijing Chemical 
Reagents Co. Lot No.020919; Second generation 
Maleate was made by Dunhua City Shengda Animal 
Drugs Co. Lid., Jilin Province, Test No. 20080616; 
Pilukapin was made by CCS Co. Sweden ， Lot 
No.KK1318. 
Instruments 
Periflux 5000 laser Doppler blood flowmeter and 
Perimed iontophoresis instrument (Perimed, Sweden), 
fluorescence microscope (nikoneclipse 80i); digital 
camera (OLYMPUS c-120) Olympus AV full-automatic 
biochemical Analyzer.  
Establishment of Animal Model 
After adaptive breeding for one week, for the model 
group, 5 mg/kg ConA was injected into the vein on ear 
back, once every other day, 3 times each week, for 2 
weeks in total, and the dosage was adjusted with changes 
of body weight. The swine in the normal group was 
administrated with the equal volume of saline. 
Taking of Pictures of the Tongue  
After the end of modeling, intramuscular injection of 9 
ml 2.5% pentobarbital sodium and 3 ml Maleate was 
given to the swine for anesthesia. In a constant 
temperature laboratory of 20℃, the mouth of the swine 
was open with mouth-gag for the exploring the tongue, 
and the tongue picture was taken by an OLYMPUS c-120 
digital camera which was 30 cm away from the tongue 
under a standard light source (color temperature 5300). 
Detection of Microvascular Blood Perfusion of the 
Tongue 
Periflux 5000 laser Doppler blood flowmeter (produced 
by Perimed, Sweden) was used. The laser photo- 
conductive fiber probe was fixed on front 1/3 tongue 
surface close to the left tongue margin by the probe stand 
with an absorbable soft edge, with no heavy pressure. 
The instrument automatically recorded blood flow 
perfusion of the tongue (Perful value). 
Detection of Oxygen Partial Pressure of Blood Flow 
in the Tongue  
PF5040TcpO2/pCO2 unit of Periflux 5000 laser Doppler 
blood flowmeter was adopted. The probe stand with an 
absorbable soft edge was fixed on front 1/3 tongue surface 
close to the left tongue margin and then the oxygen partial 
pressure electrode (E5250 model) was fixed on the 
electrode support. Reading of the receptor was set to zero 
with helium and the electrode was automatically heated 
and at a constant temperature of 45℃, and then oxygen 
partial pressure values were determined for 15 min. 
Detection of Blood Flow of the Tongue after 
Iontophoresis 
Combined with Perimed iontophoresis instrument, 
PF5010 microcircular blood flow unit of the laser 
Doppler blood flowmeter was adopted for detection of 
endothelium dependence vasodilative function: before 
introduction of the drug, the basic image was recorded 
for 60 s, 4% pilukapin, an endothelium dependence 
vasodilator, was non-invasively introduced on the tongue 
surface with iontophoresis technique, at discharge 
current 100 uA for 50 s, followed by recording for 5 min. 
The microvascular perfusion in the drug-introduced part 
was determined with laser Doppler method. 
Detection of Microvascular Blood Perfusion on the 
Surface of Liver  
The animal took a dorsal position at an observation table 
and the limbs were fixed. Then a 6–10 cm incision was 
made along the abdominal median line to have the liver 
exposed. Periflux 5000 laser Doppler blood flowmeter 
(produced by Perimed, Sweden) was used, and laser 
photoconductive fiber probe was fixed on a same 
position of the left lobe surface of the liver by a soft side 
absorbable probe stand with an absorbable soft edge, 
with no heavy pressure. The microvascular blood flow 
perfusion on the hepatic surface (Perful value) was 
automatically recorded by the instrument. 
Sampling and Pathological Examination 
The 10 ml blood was taken from anterior vena cava and 
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placed at 4℃ for 2 h, and then centrifuged at 3500 r/min 
for 10 min. The supernatant was used for determination 
of blood biochemical indexes and serum TNF-α. Then 
the liver was separated and rinsed with saline. A same 
part of the hepatic left lobe was taken, and fixed with 
10% formalin and imbedded with paraffin, followed by 
HE staining and pathological detection. Keeping clear of 
the median sulcus of tongue, the same parts from both 
sides were taken, followed by routine paraffin 
embedding, continuous tissue section, HE staining. Intra- 
dermal microvascular and peripheral forms of the 
periglottis were observed with a light microscope. 
Statistical Analysis 
The data were expressed as x ±s  and processed with 
SPSS11.5 statistical software. One-way ANOVA was 
used for comparisons between groups, P<0.05 was 
regarded as statistically significant difference. 
RESULTS 
Change of Tongue Color and Comparison of Degrees 
of the Color in the Mini-swine with Liver Injury 
The tongue color in the mini-swine with immune liver 
injury showed cyanosis, as showed in Fig.1. The 
photograph was taken RGB value in photoshop7.0 
software and transformed as HIS space, and HIS value 
was calculated. The results showed that the hue of the 
tongue became dark, color saturation increased, but the 
brightness became weak, with statistically significant 
difference, P<0.001 (Table 1). 
 
            
Tongue color of normal swine              Tongue color of model swine 
Figure 1. Comparison of tongue colors between normal and model swine. 
Table 1. Comparison of HIS color space values between 
the swine with liver injury and the normal swine 
Group H I S 
Normal 0.18±0.02 183.71±5.58 0.21±0.02 
Model  6.23±0.29* 139.84±2.53* 7.77±0.32* 
Notes: Compared with the normal group, *P<0.001. 
Change of Microvascular Blood Flow Perfusion in the 
Tongue 
Microvascular blood flow perfusion in the tongue of the 
swine with liver injury significantly decreased. The 
blood flow perfusion was 74.45±5.15 PU in the normal 
swine and 55.46±8.53 PU in the swine with liver injury, 
with a significant difference between the two groups, 
P<0.01. 
Change of Partial Pressure of Oxygen in Blood Flow 
of the Tongue 
Partial pressure of oxygen in the tongue tissue of the 
swine with liver injury significantly decreased. The 
partial pressure of oxygen was 11.02±1.84 mmHg in the 
normal swine and 4.67±0.46 mmHg in the swine with 
liver injury, with a significant difference between the two 
groups, P<0.01. 
Change of Blood Flow in the Tongue after 
Iontophoresis 
After iontophoresis, percentage of blood flow increase 
was 23.08±1.23 in the normal swine and 25.96±1.27 in 
the swine with liver injury, with no significant difference 
between the two groups, P>0.05. 
Change of Microvascular Blood Flow Perfusion in the 
Liver 
Microvascular blood flow perfusion in the tongue of the 
swine with liver injury significantly decreased. The 
blood flow perfusion was 270.55±5.15 PU in the normal 
swine and 76.46±8.53 PU in the swine with liver injury, 
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with a significant difference between the two groups, 
P<0.001. 
Analysis on Correlation between Microvascular 
Blood Flow Perfusion of the Tongue and 
Microvascular Blood Flow Perfusion of the Liver 
The microvascular blood flow perfusion in the tongue 
was significantly correlated with the microvascular blood 
flow perfusion in the liver, the correlation coefficient 
being 0.83, P<0.01. 
Analysis on Correlation between Microvascular 
Blood Flow Perfusion in the Tongue and HIS Value of 
the Tongue  
The microvascular blood flow perfusion in the tongue 
was significantly correlated with the HIS value of the 
tongue, the correlation coefficient being -0.92, P<0.01.  
Comparison of Liver Functions between the Swine 
with Immune Liver Injury and the Normal Swine 
There were differences between the swine with liver 
injury and the normal swine in liver functions, as showed 
in Table 2. 
Table 2. Comparison of liver functions between the      
swine with liver injury and the normal swine ( x ±s) 
Indexes Normal group Model group 
ALT  43.3±1.98 155.07±6.25* 
AST 148.90±14.78  622.83±22.43* 
Tbil  1.30±0.20   2.20±0.30∆ 
TP 68.70±1.67  58.93±1.85* 
Notes: Compared with the normal group, *P<0.001; ∆P<0.05. 
Comparison of Liver Appearances 
The color of the liver was dark red and uniform in the 
normal swine, while the volume of the liver enlarged in 
the swine with liver injury with color darkened, as 
showed in Figure 2. 
Histopathological Comparison of the Liver 
In the normal liver tissue, hepatic cells arranged in good 
order with no inflammatory cell infiltration; while 
proliferation of a few fibers in the portal area, 
lymphocyte infiltration, proliferation of epithelium of 
biliary duct, and acidophilic necrosis were found in liver 
injury tissue, as showed in Figure 3.  
 
      
The liver of the normal swine                  The liver of the swine with liver injury 
Figure 2. Morphologic observation of model and normal swine. 
         
Pathologic picture of the liver                    Pathologic picture of the liver 
in the normal mini-swine (×200)                  in the model mini-swine (×200) 
Figure 3. Pathologic pictures of the liver tissue in the model and normal swine. 
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Pathological Comparison of the Tongue Tissue 
between the Normal Swine and the Swine with Liver 
Injury 
Compared with the normal tongue tissue, capillary 
hyperplasia, a few inflammatory cell infiltrations around 
blood vessels, increase of edematous fluid in dermal 
layer, and stasis of blood on the small vein in the dermal 
layer of the tongue tissue were found in the swine with 
liver injury (Figure 4).
 
             
Tongue tissue of the normal           Tongue tissue of the model       Blood stasis of the small vein in the 
swine (×200)                       swine (×200)         tongue tissue of the model swine (×400) 
Figure 4. Pathologic pictures of tongue tissues in the model and normal swine. 
Comparison of Serum TNF-α levels  
Serum TNF-α level significantly increased in the swine 
with liver injury. The serum TNF-α level was 20.67±1.33 
pg/ml in the normal swine and 47.00±4.20 pg/ml in the 
swine with liver injury, with a significantly difference 
between the two groups, P<0.001. 
DISCUSSION 
Inspection of the tongue is one unique diagnostic method 
in traditional Chinese medicine (TCM), and it is an 
important basis for syndrome differentiation of TCM, 
and plays an important role in clinical syndrome 
differentiation treatment. In TCM, conditions of the 
tongue can not only judge the prosperity and strength of 
vital-q, differentiate the depth of disease location and 
nature of pathogenic factors, infer severity of illness, but 
also guide working out a therapy and writing out a 
prescription.4 Therefore, clinical physicians of TCM all 
pay great attention to inspecting the tongue for diagnosis 
of diseases and writing out a prescription. Inspection of 
the tongue includes observation of both the tongue 
property and the tongue coating. Theory of TCM holds 
that the tongue property mainly gives information about 
pathologic changes of five zang-organs, particularly, the 
blood system; while inspection of the tongue fir can 
understand pathologic changes of the 6 fu-organs, 
especially, the qi system. Zhou XH  in Xing Se Wai 
Zhen Jian Mo (形色外诊简摩 Diagnosis of Forms and 
color from the Exterior ) stresses that inspection of the 
tongue property is of more significance than inspection 
of the tongue coating for diagnosis and treatment of 
hepatic diseases.5 Investigation about tongue color of the 
patient with chronic hepatitis B shows that commonly 
encountered tongue color mainly is red, reddish, cyanosis, 
whitish, and the cyanotic tongue is a main manifestation 
of chronic hepatic diseases, indicating internal retention 
of blood stasis, and degree of tongue color darkness is of 
a certain significance for judging development tendency 
of hepatic diseases.1 The authors in clinical research 
prove that along with changes of the tongue from 
darkness to purple or ecchymosis tongue, the pathologic 
condition of chronic hepatitis gradually worsens, violet 
dark degrees of cyanotic tongue has an important 
significance for judging severity of diseases and 
indicationg development of illness. The research on 
formation mechanism of cyanotic tongue will deepen the 
understanding of its clinical significance, so as to fully 
play directive role of inspection of the tongue in 
diagnosis and treatment of diseases. 
The study on pathogenesis of hepatitis B indicates that 
hepatitis B virus (HBV) can not directly induce lesion of 
hepatic cells, but the immunity-mediated injury is just 
the main pathogenesis.2 HBV invades the human body, 
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activating effector cells (T-cell, mononuclear 
macrophages, etc.), secreting many inflammatory 
cytokines such as TNF-α. These cytokines induce liver 
parenchymal cells, stellate cells, kupffer cells and 
vascular endotheliocytes to secrete adhesion molecules, 
so as to mediate effects of the two aspects: Firstly, 
inducing apoptosis and necrosis of hepatic cells, leading 
to hepatic injury; and secondly, leading to dysfunction of 
endothelial cells, finally, causing hepatic and peripheral 
microcirculatory disturbance. Also, it is proved that 
microcirculatory disturbance of the liver occurres at early 
stage of hepatitis B, and it is accompanied with 
peripheral microcirculatory disturbance. Nail-fold micro- 
circulation can indirectly reflect hepatic microcirculation 
and has certain directive significance for judging the 
state of hepatitis B.6,7 
Therefore, it is inferred that the cyanotic tongue of 
chronic hepatitis B is one of the manifestations of 
microcirculatory disturbance. Observation of tongue 
color can indirectly tell the microcirculatory state of this 
disease and is of an important significance for judging 
the state of illness. According to the pathogenesis of 
immune liver injury of chronic hepatitis B, the ConA- 
induced immune liver injury mini-swine model was set 
up, and biochemical indexes of the blood and 
pathological changes of the hepatic tissue conformed to 
pathological characteristics of immune liver injury, 
indicating that the modeling is successful. The tongue 
color of the model swine showed cyanosis, and HIS 
detection (H ( hue), tint; I ( intensity), brightness of color; 
and S (saturation), degree of color saturation) indicated 
that tint of the tongue color in the swine with liver injury 
darkened and the degree of color saturation increased, 
with significant differences as compared with the normal 
swine. 
Laser Doppler blood flowmetry is an advanced technique 
with non-invasive, dynamic and quantitative detection of 
a single index of microcirculation such as microvascular 
pressure, blood flow and vascular walls, etc, and are 
adopted by authors of many core periodicals including 
SCI.8 The present study indicated that the microvascular 
blood flow perfusion in the liver and the tongue 
significantly decreased in the mini-swine with immune 
liver injury, showing microcirculatory disturbance in 
both the liver and tongue; and the microvascular blood 
flow perfusion in the tongue was significantly correlated 
with that in the liver, and the tongue color was 
significantly correlated with microvascular blood flow 
perfusion of the tongue, suggesting that inspection of 
tongue color can indirectly understand microcirculatory 
state of the liver and the tongue. Pathological 
investigation on the tongue tissue showed that the 
capillary in the tongue tissue of the model swine 
increased with blood stasis in small veins, proving that 
pathologic basis of the cyanotic tongue is related with 
microcirculatory disturbance in the model swine. In 
addition, partial pressure of oxygen in blood flow of the 
tongue decreased, indicating that microcirculatory 
disturbance leads to ischemia and anoxia in the tongue 
tissue of the model swine, but after iontophoresis of 
Pilukapin blood flow of the tongue did not have 
significant change, which is possibly related with 
selection of vascular dilator. Significant increase of 
serum TNF-α in the model swine indicates that the 
pathogenesis of this model is related with the increase of 
the cytokine. 
In brief, in the study the immune liver injury mini-swine 
model was prepared; The tongue showed cyanotic color 
and the formation of cyanosis tongue was related with 
microcirculatory disturbance; The model swine had 
microcirculatory disturbance in both the tongue and the 
liver, hepatic microcirculatory state can be indirectly 
understood by means of tongue microcirculation state; 
and the pathogenesis of this disease is related with 
increase of TNF-α level. 
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